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CONTINUATION OF STUDIES INITIATED IN 1990

I. Solar Physics

New calculations of the acoustic wave energy fluxes generated in the solar convective
zone have been performed by Dr. Z. Musielak in collaboration with Drs. R. Rosner (Uni-
versity of Chicago), R. Stein (Michigan State University), and P. Gail and P. Ulmschneider
(University of Heidelberg). The original theory developed by R. Stein in 1967 has been
corrected by including a new frequency factor describing temporal variations of the turbu-
lent energy spectrum and a new spatial part of the turbulent energy spectrum. This new
spatial part has been obtained by large-scale numerical simulations of convection carried
out by Dr. Rosner’s group at the University of Chicago. We have also considered two
different forms of the frequency factors: Gaussian and modified Gaussian. The original
Stein code has been modified by including these new frequency factors and spatial parts of
the turbulent energy spectrum, and the code has been tested extensively. The calculated
acoustic wave energy fluxes for the Sun are of the order of 1077% erg em=2 s~! which
smaller than those previously obtained. We have also demonstrated that with the new
frequency factors, the calculated acoustic wave energy fluxes are not sensitive to the shape
of this factor. One paper containing these results has already been accepted for publication
in The Astrophysical Journal , another paper is in preparation. The obtained results are
important in solving the longstanding problem of solar physics, namely, what is the role
of the acoustic wave energy in the heating of the solar atmosphere and in the excitation

of the solar p-mode oscillations.

Another possible source of the mechanical energy generated in the solar convective
zone is the excitation of magnetic flux tube waves which can carry energy along the tubes
far away from the region of their origin. The problem how efficiently these waves are gen-

erated in the Sun has been recently solved by Z. Musielak, R. Rosner and P. Ulmschneider.
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The obtained results indicate that the magnetic tube wave energy fluxes are sufficient to
supply energy to heat lower parts of the solar chromosphere and may be especially import-
nat in the energy balance in the chromospheric network. Investigations are being presently
performed to estimate how much of this wave energy can reach upper chromospheric layers
and also whether these waves can contribute to the heating of the solar corona. One paper
on this subject has been just submitted to The Astrophysical Journal and two other papers

are in preparation.

In order to understand transfer of the wave energy originated in the solar convectjve
zone to the outer atmospheric layers, one has to compute wave propagation and dissipation
in highly nonhomogeneous solar atmosphere. This sort of calculations usually requires
time-dependent and nonlinear codes. P. Ulmschneider and Z. Musielak have calculated the
propagation of nonlinear magnetic tube waves in the solar atmosphere and studied mode
coupling, shock formation and heating of the local medium. In a paper recently published
in Astronomy and Astrophysics we showed that these waves may indeed efficiently heat the
solar atmosphere and that the heating will be especially significant in the chromospheric
network. Presently, these studies are being extended to include reflection of magnetic tube

waves in a more realistic solar atmosphere model.

The propagation of waves in the solar outer atmospheric layers is also important
for explaining the observed spectrum of the solar p-mode oscillations. Drs. J. Fontenla
(UAH/CSPAR), Z. Musielak and R. Moore (NASA/MSFC) have been working on the
wave trapping problems and on evaluation of critical frequencies for wave reflection in the
solar atmosphere. The problem of the observed short period tail for the p-mode spectrum

is likely to be explained by using these results.

The fact that the solar wind is originated in solar coronal holes has been well-known
for many years, however, the mechanism for acceleration of the wind from these holes is

still unknown. Also, it is unclear what js the main physical mechanism responsible for
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heating of the coronal holes. Recent work done by Drs. R. Moore, Z. Musielak, S. Suess
(NASA/MSFC) and C. An (Applied Research, Inc.) has shown that the role played by
Alfven waves in the wind acceleration and the coronal hole heating is dominant. The results
of these calculations were already published in The Astrophysical Journal . In addition,
the authors indicate that the main source of these waves for the heating and the wind
acceleration are very likely solar microflares extensively observed in the UVSP data. New
extensive studies of the physical processes responsible for the solar wind acceleration are
being undertaken as a result of this support. First obtained results are being prepared for
publication in The Journal of Geophysical Research. We intend to construct self-consistent
models of the solar coronal wind based on the reflected Alfven waves and compare the

theoretical range of physical parameters required by these models to observational data.

The results discussed above have been obtained for the Sun. Presently, we are per-
forming calculations of wave energy fluxes generated in late-type dwarfs stars and studying
physical processes responsible for the heating of stellar chromospheres and coronae. This

will allow us to investigate solar-stellar connections.

II. Physics of Waves

A new analytical approach for studying linear Alfven waves in smoothly nonuniform
media has been recently developed by Drs. Z. Musielak, J. Fontenla and R. Moore. The
approach formally takes into account continuous, arbitrary structure of the background
medium and allows transforming the wave equation to the form of the Klein-Gordon equa-
tion which displays a critical frequency for wave propagation. It has been shown that
the wave equation can be always transformed to a Klein-Gordon equation and that the
latter displays the critical frequency below which reflection is strong; the results of these
studies have been recently published in Physics of Fluids. This approach is presently

being extended to study the propagation of linear and nonlinear magnetohydrodynamic
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(MHD) waves in stratified, non-isothermal and solar atmosphere. Dr. Z. Musielak and a
graduate student are presently working on developing a numerical code to carry out these
calculations and the research is supported by this NASA grant. The motivation for these
studies is to investigate in detail the problem of chromospheric and coronal heating, wind
acceleration, damping of p-mode oscillations by energy lekage and other problems related

to the solar and stellar activity.



Publications Resulting From This Support

“Why the Winds from Late-Type Giants and Supergiants are Cool”
Moore. L. T., Musielak, Z. E., An, C. H., Rosner, R. and Suess, S. T., Astronom-
ical Society of the Pacific Conference Series: Cool Stars, Stellar Systems and the
Sun, Eds. M. Giamppapa and J. Bookbinder, (1992) p. 464-467.

“Klein-Gordon Equation for Wave Motions in Nonuniform Media”
Musielak, Z. E., Fontenla, J. M., and R. L. Moore, Phys. Fluids B, 4, 13-18
(1992).

“A Regularization Method for the Extrapolation of the Solar Potential Magnetic
Fields”
Gary, G. A. and Musielak, Z. E., Astrophys. J., 392, 722-735 (1992).

“Alfven Wave Trapping and Heating in Coronal Holes: Theory and Observation”
Suess, S. T., Moore, R. L., Musielak, Z. E. and An, C. H., Solar Wind Seven,
Eds. E. Marsch and R. Schwenn (Pergamon Press) p. 117-120 (1992).

“Alfven Wave Heating in Solar Coronal Holes”
Moore, R. L., Musielak, Z. E., Suess, S. T. and An, C. H., Memorie della Societa
Astronomica Italiana, Volume 63, 777-779 (1992).

“Heating of Solar and Stellar Chromospheres and Coronae by MHD Waves”
Musielak, Z. E. Memorie della Societa Astronomica Italiana, Volume 63, 635-648
(1992).

“Heating of Solar and Stellar Chromospheres and Coronae by MHD Waves”
Musielak, Z. E. Highlights in Astronomy, Ed. J. Bergeron, Volume 9 (1992)
112-113.

“A New Way to Convert Alfven Waves into Heat in Solar Coronal Holes:
Intermittent Magnetic Levitation”
Moore, R. L., Hammer, R., Musielak, Z. E., Suess, S. T. and C. H. An
Astrophys. J. Letters, 397, L55-L58 (1992).

“The Cutoff Frequency for Fast-Mode Magnetohydrodynamic Waves in an Isother-
mal Atmosphere

with a Uniform Horizontal Magnetic Field”
Stark, B. A. and Musielak, Z. E., Astrophys. J., 409, 450-454 (1993).

“On the Heating Mechanism of Coronal Holes”
Hammer, R., Moore, R. L., Musielak, Z. E. and Suess, S. T. Advances in Stellar
and Solar Coronal Physics, Eds. J. L. Linsky and S. Serio (Kluwer Academic
Publication, Dordrecht) (1993) in press.

“On Sound Generation by Turbulent Convection”
Musielak, Z. E., Rosner, R., Stein, R. F., Ulmschneider, P. and Wang, A., 4s-
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trophys. J. (1993) in press.

“On the Origin of “Dividing Lines” for Late-Type Giants and Supergiants”
Rosner, R., Musielak, Z. E., Cattaneo, F., Moore, R. L., and Suess, S. T., Nature
(1993) - submitted.

“On Dirac Equations for Linear Magnetoacoustic Waves Propagating
in an Isothermal Atmosphere”
Alicki, R., Musielak, Z. E., Sikorski, J., and Makowiec, D. Astrophys. J. (1993)
- submitted.

“On the Generation of Flux Tube Waves in Stellar Convection Zones. II.
Improved Treatement of Longitudinal Tube Wave Generation”
Musielak, Z. E., Gail, P., Rosner, R., and Ulmschneider, P., Astrophys. J. (1993)
- submitted.

“Numerical Studies of MHD Body and Surface Waves: Single Magnetic Interface
and Magnetic Slab”
Wu, S. T., Xiao, Y. C., Musielak, Z. E., and Suess, S. T., Phys. Fluids B (1993)
- submitted.

“On Reflection of Alfven Waves in the Solar Wind”
Krogulec, M., Musielak, Z. E., Suess, S. T. and Nerney, S. F. J. Geophys. Res.
(1993) - submitted.

“Alfven Wave Reflection and Its Dependence on Direction of Wave Propagation”
Musielak, Z. E. and R. L. Moore, Astrophys. J. (1992) - to be submitted.

“Dependence of Alfven Wave Reflection on Direction of Wave Propagation:
Klein-Gordon Equation Revisited”
Musielak, Z. E. and R. L. Moore, Phys. Fluids B (1992) - to be submitted. - to
be submitted to Phys. Fluids B in May 1993.

“Propagation of Nonlinear Longitudinal-Transverse Waves along
Magnetic Flux Tubes in the Solar Atmosphere. II. Wave Energy Fluxes”
Huang, P., Musielak, Z. E., and Ulmschneider, P. Astron. Astrophys. (1993) -
to be submitted.

“Modified Lighthill Theory of Sound Generation in an Isothermal Medium”
Wang, A., and Musielak, Z. E. Phys. Fluids A (1993) - to be submitted.
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